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inis thesis is a report of the results of trie column phase oi 
a three part experimental investigation of short time creep urcper- 
tiejs of light metal alloys under conditions of high loadings and ele- 
vated temperatures. The other parts of the investigation were 
concerned with creep properties of these alloys in tension and in 
compression. The former is described by R, J. Lauffman; the 
latter by R. C, Thatcher (Refs. II and 12). 

Creep characteristics of 753-T6 aluminum allov columns hav- 
ing various effective slenderness ratios were investigated at 4 5C°V 
ana 550°F. Of primary interest was the region of applied stresses 
near the maximum stresses which these columns would sustain. 
Lateral cre-*p deflection of the column midpoint was measured. 
Coincident with this measurement, time to failure of the column . as 
also measured . Columns tested at 550° 7 had rectangular cross sec- 
tions and had effective slenderness ratios of 2 5.5, 39.9 • 48.6 and 
57.2, Columns tested at 450°F. had rectangular cross sections and 
ha a. effective slenderness ratios of 25.5, 48.6 and 57.2. 

T 3ting equipment was designed and constructed for the inves- 
tigation. > constant load was applied to the specimen by means it' «. 
lever arm naving a ten to one mechanical advantage. 1 he specimen 
was heated in an electric oven. Th r oven was maintained at tempera- 
ture by automatic electrical control. 

It was found that 75 - ’6 aluminum, alloy columns having effc -c- 
:ivc- slenderness ratios of 2 5.5 to 57.2 ire suite tie for short tim- 
( . - T min.) use at 45C°i-‘ and 550° . 
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i. _isn u .'U, • ■ 

■ veep in metals under stress .1 high temperatures is of 
->3oread interest, ’he trend of aircraft toward high speeds of 
flight has introduced the problem of aerodyne .<ic heating , For 
example, a temperature rise of E7 r °F due to compressibility is 
reported in reference 1. let propulsion has also created the need 
of more effective alloys for high temperature service, 

C uite often it is possible to avoid the problem of structural 
difficulties caused by creep by imposing low working stresses on 
the structure. This is the inefficient solution to the problem, how- 
ever, since the result is increased weight, aeronautical engineer- 
ing is particularly concerned with the problem Of creep because a 
weight penalty cannot be accepted in many applications . 

Th^ literature on the subject of creep is varied. Fundamental 
studies relating to the origin and nature of creep have been conducted 
at the University of California and are reported in references 2 and 3. 
The National Advisory Committee for Aeronautics nas summarised, 
in reference 4, numerous theories relating to creep phenomena ana 
the extent of current knowledge on the subject. This report gives a 
list of 199 references as a bibliography of many of the published 
works in the field of creep, b arin, in reference 5, gives a survey of 
research in creep which includes a bibliography of 48 references. 

In general, the application of creep knowledge to date has been 
concerned with the effect of creep at the end of a long tin e service 
period. The advent of high spe^d expendable missiles makes know- 
ledge of short time, high stress creep characteristics of metals 
lesirable. Short time here is defined in terms' of minutes or seconds 



rather than hours oi tie o . nowlvdge oi the short time creer, 
characteristics of the material from which ?. unit is to oe construct- 
ed will permit an efficient design where the service life of the unit 
is to be a matter of minutes. tt present, no published work has 
considered this phase of the subject of cr n ep. 

Interest in the short time high stress creep characteristics 
of light metals such as aluminum and magnesium served as the 
motivating factor for starting an investigation of these creep charac- 
teristics. The investigation was divided into three parts; one dealing 
with tension; a second dealing with compression; and a third wit : 
columns in the intermediate slenderness ratio regime. The object 
of this paper is to report the results of the column phase of the 
investigation. 

Column deflections and buckling loads for materials which, do 
not creep have been considered and discussed for many years. ulcr, 
(Ref. 6), obtained the theoretical critical load for ideal pin ended 
columns loaded below the proportional limit. There have been at 
least three major theories explaining the action of ideal columns 
loaded above the proportional limit. The first of these was proposed 
by Tngesser over fifty years ago. The second theory is the reauceu mod- 
ulus theory of Considere, Tnresser and von Carman. The third 
theory is that proposed by ehanley in reference 7 and additionally dis- 
cussed by him in reference 8. 

These theories are concerned with id^>al coiunas, i.e. columns 
■'Rich are oin ended, which have no crookedness, which Lave homo- 
geneity of material, and which have aero eccentricity of applied los- 
ing. he analysis given by these ideal theories must be extenced to 



cons . - • practical colun ns. 



her. a n ate rial creeps, the theories of column action ■men- 
tioned above must be further modified to consider the reduction of 
the critical load which is caused bv lateral creep deflections of the 
column© 

horr.e theoretical work has been done in regard to column ere; p 
deflection. ? arin, in reference 9. proposed a theory fcr creep de- 
flection in bending in thie form of a differential equation. \ trial and 
error procedure or numerical integration must be used to solve 
the ecuation. Mess, in reference I. , expressed the creep deflection 
of the column in terms of a definite time integral containing Young's 
modulus and the viscosity coefficient „ 

Little experimental work has been done in column creep deflec- 
tion, particularly at high temperature and hign stress for a —material. 
This investigation is intended to provide at least some experimental 
data of this type. It is not proposed to go into a discussion of th° 
theoretical aspects of the problem of column creep but r .'J er to pre- 
sent the data obtained in actual colur n tests. < he basis for all 
column studies must be a reliable background of tests. 

"his investigation was conducted at the Californi' Institute of 
technology , Guggenheim '.eronnutical laboratory, usadena, alif- 
ornia , during the period September 1951 to Vay 952, under thr* super- 
vision of Dr. ' o >. bechler and in cooperation with "'alpb J. i*"a.uffma*t , 
T t. USM ana Loland C . Thatcher, Lt. UEM. 
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IX. SCUISMENT AND PROCEDURE 

In the early stages of the investigation, it soon became evident 
to the author and his co-workers that equipment had to be designed 
and built to do the planned task of creep testing. Furthermore, no 
published data could be found to give a basis for judgment in problems 
which were likely to arise. It was decided to try to keep the machines 
for testing creep in tension, compression and columns as uniform and 
simple as possible to facilitate their subsequent manufacture. 

An angle iron frame was designed to support a static load, a 
furnace and a 10 to l lever arm system. A constant load of a wide 
range of values could thereby be applied to the specimen. The range 
of loading was chosen as zero to' 6,500 lbs. on the specimen. Fig. I 
is a photograph showing the assembled equipment. Knife edges in the 
lever arm serve as fulcrum points and a ball and socket joint in the 
lower shelf of the frame provide for automatic alignment of the load 
and specimen axes. 

Heat for the specimen was desired to be available up to 550°F. 
Since fluctuation of temperature at a point and a gradient of tempera- 
ture along the specimen are not desired but must be tolerated, it was 
decided to accept variations of + 5°F at a point and a gradient of 10°F 
along the length of a six inch specimen. The time to achieve this heat 
was desired to be as short as possible. 

Figs. 2 and 3 are detailed sketches of the oven as finally design- 
ed. Fig. 4 is a photograph showing the interior of the oven. .Power 
to the oven is automatically controlled by a Sim-Ply-Trol Controlling 
Pyrometer actuating a power relay. The oven operates on 110 v a.c. 
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ana reaches 55 "r". at controlling thei . ocou he within the ov*^n 
in twelve minutes starting from a cold oven, in order to achieve the 
acceptable gradient over the specimen, it was found necessary to 
aad -is auxiliary heating coil producing 250 watts to the bottom ot the 
inside of the oven and to labyrinth the mating surfaces of the two 
halves of the oven, fluctuation of temperature within tne oven at a 
point was brought within the desired tolerances by increasing the rate 
of cycling of the Sim- fly- T rol . Heat insulating joints were interpose:, 
into the loading system above and below the outside of the oven to re- 
duce the flow of heat through the steel shafts which pierced the top and 
bottom of the oven. 

As the basic loading system was tensile in nature, a reversing 
cage was designed to fit within the oven and to provide compressive 
loads to the specimen. pharical seats were machined into the inside 
of the top and bottom of the cage into which spherically machineu arms 
of the specimen were to fit. The radius of the seat was one inch, the 
radius of tne end of the specimen was 3/4 inch. The reversing cage 
may be seen in Fig. 4. 

Measurement of the lateral deflection of the column was achieved 
by means of a probe tapered at one end and intended to be held snugly 
against the mid-point of the column with soft iron wire, in the course 
of the investigation , the use of the iron wire was aoandoned. ihe 
other end of the probe was drilled to receive the plunger of a Federal 
dial gauge. The dial gauge read to 0. CGI' . Ghe probe was :«ade of 
transitc to prevent transmission of heat from the specimen to the dial 
gauge. The nrobe passed through a 1 inch diameter hole cut into the 
furnace . The dial gauge was mounted on the outside of the furnace by 
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i”fte oxp : rir jntal study oi columns involves t : onsid ; t * : ,:od 01 
7* any variables such a3 slenderness ratio, ropertics c( material, 
crookedness , eccentricity of loading, shape of section, and end con- 
ditions some of which are difficult to control and all of which compli- 
cate the interpretation of results . In order to reduce the number ana 
influence of these variables to a mini n am so that attention may be 
focused principally on loading and slenderness ratio, the following 
facts are stated to apply to this investigation. 

The material used for testing was 75~-i6 aluminum alloy, 
lolled, 5/8 inch diameter rod with the following properties: 



'"echanical Properties 
Vodulus of elasticity in tension, psi. 

Ultimate tensile strength, psi. 

tensile yield strength (0 . 1 percent offset), psi. 

longation, percent in 2 inches. 

'• odulus of elasticity in compression, psi. 
"ompressive yield strength (0.2 percent offset), p9i 



Value of .property 
10.27 x IP 6 

84,800 
76 , 5' 0 



1*' .6 x 1 l 
31 ,000 



Th^se properties were obtained by tension and compression 
'.-sts conducted on the material in a l aldwin - outhwar* Universal 
300,000 lb. testing machine with a ate--.mery Load Indicator. 

7 'uggenberger strain, gauge was used to measure strain. The tension 
stress - strain curve is given in Tig. c. The compression stress 
strain curve is given in Fig. 7 . 

-specimens having various slenderness ratios were machined 
from the 753-T6 round rod according to the following specifications: 



p 


thickness 


width* 


Ifagfcft 


P 


•I .5 


0.319b 


0.4667 


3.335'- 


23.5 


65. C 


r .3198 


5.4667* 


£ .000 


39 . c 


80 .0 


0.2598 ! 


" .4667' 


6 . ' 0u’ 


48.6 


95.0 


0.2138 


■•■.4667- 


6.090’ 


57.? 



In addition to having a rectangular cross lection of the Above aimen- 
sions, the specimens were machined with 3/4 inch radius spherical 
enjs. Vaximuvn variation from these dimensions was fixed at 
+ 0 . f ; 1 in thickness, + 0.065' in width and + «.■ , r 0i’ in length. ; uaa! 
variation from prescribed dimensions was usually much less in tb: 

$ 5ecimens tested. 

The crookedness of the various specimens was measured tv- 
placing thickness gauges between tne specimens and a plane saroc* 
upon which they rested. h‘axi urn variation at the mid- point if tb 
columns having a slenderness ratio of 95 was 0.002' . Columns having 
slenderness ratios less than 95 were practically* flat. 

eccentricity of loading was overcome by the use of the spheric.; I 
seats in the reversing cage and the spherical ends of the columns, 
columns were easily centered in the cage for tasting. 'roper align- 
ment of tr.e specimens was checkeu by visual reference to sever *1 JL ~ 
the parallel rods comprising the cage. 

In order to obtain end fixity for the various columns tested, two 
columns of different slenderness ratios were separately place- in a 
Baldwin - Southwark Universal 3 Ob , 006 lb. testing mac hms iVitiri. a 
fate - "mery 1-oad Indicator with the ends of the reversing cage plaice. a 



* curing the investigation, column width was increased to O.SZCi . 



bol\, r» the tap ..nd bottom of the coiirrm and the respective cross- 
heads of the hywiislic machine, ffc« columns had slenderness ratios 
of 5u and 95. hey wers 6.'>" long with 3/l* radius spherical ends 
and were 0=4667' wide . he columns were uniformly loaded to 
buckling at a slaw rate of loading. he proper value of tangent 
modulus was then obtained from Fig. 7 and the following equation 
solved for end fixity: 





CT X t. 


cr ca 
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./here 


(L|< 

II 


= critical stress of column 




c 


= end fixity 






= tangent modulus corresponding =o <2^* 




L 

P 


= slenciarness ratio. For rectangular 
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cross sections, this is \f/I * W _ 



t 



str' ight line variation of end fixity was assumed to exist for* car- 
other columns tested in this investigation and the following viluc s of 
end fixity were obtained: 



.lender ness 
ratio 


find 

Fixity 


.ffectivc ^len: 
llatio 


41,5 


2.580 


25.5 


65.0 


2 .650 


39.9 


80. i 


2.700 


48.-: 


95. J 


2.744 


57.2 


lb alumi’urr • 


dloy was chosen for testr. 


ig because it i 



currently used in tfc* aviation industrv. ~er neratures for test ver & 
chosen as -ijf , and 55 V °F to be consistent with toe efforts of 
I-t . Thatcher e.n- Lt . lauff an (lief. ii and 12). 
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>nch test consisted of nvounting the spec wiil* prub 1 anti 
thermocouple in th 3 cage in the furnace Jfcnd affixing ti -_e ' rob* m ih~ 
dial gauge. The dial gauge was fixed at .n arbitrary setting be:. . ;• - ri 
tfce limits of its travel to enable it to track the column in either of 
the two directions that the column might deflect. roper weights 
were applied to the loading system; the weights, weight holder and 
lever arm were supported by means of a small hydraulic jack, Tifty 
minutes after turning the power on, the ball in the lower shelf of 
the frame was lightly screwed up into its socket and an initial read- 
ing i.e. ' unloaded 1 reading was obtained from the dial gauge. The 
load was then smoothly applied to the specimen by opening the valve 
slowly in the jack. The load was applied in about two seconds. ‘ .-m, 

the specimen first supported the full loac , zero time was declared, •?.; 
1 load-on" reacing was obtained from the dial gauge. Ey means of a 
stop watch, data of creep of the column mid-point was obtained fro. 
the dial gauge in intervals of 1C seconds of iirrr . Data was recor&cl 
continuously until the specimen failed to support the load and the 
weights fell to rest atop the jack stem which had been previously lo - 
erea a few inches to a new position below? the zero time position. 

The specimen took 2G to 25 minutes to reach 98 percent of 
final temperature on its surface, ^hirty minutes after this time, 
testing took place. Temperature on the surface of the specimen, 
observed by means of an iron-con3tantan thermocouple wired to tbc 
surface of. the s'jeci^ren, . ontrol of the oven was maintained by 
ther mocounle located on the reversing cage midway between its l. 



unu bottom . 
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total of 63 columns were tested; forty y£ them at 55L»°r an., 
the rest at 45G°JT. Graphs showing lateral deflection creep of the 
column mid-noint vs. time in seconds at 550°J anc 450°F are 7 lotted 
in Figs. 8 through 14. Creep curves are plotted to as large a scuio 
as practical in order to magnify the trend of creep with change in 
applied stress. Creep deflection is shown to the nearest 0.00' 1 inch; 
an estimated accuracy, since a dial gauge reading to 0.0C 1 inches was 
usee. The ti ne abscissa of each graph is terminated t 6 rrinuv-s; 
interest of the investigation being directed to the region of high stresses 
and temperatures. Curves of applied stress vs. time to failure ?.t 
-k5 - J i and 550°F are given on Figs. 15 and 16. The direction of to: 
curves which do not evidence experimental points near their ends is 
established by data shown on Figs. 3 through 14 but which could not 
plotted on Figs. 15 and 16. The curve for effective slenderness ratio 
of 57.2 at 4 50°F on Fig. 16 is an exception to this statement, in this 
case, however, a column having an effective slenderness ratio of 
57.2 was tested at an applied stress of 7,500 osi at 430°F. t tae end 
of two hours of time the colun n had not failed. Crossplots of tip died 
stress vs, effective slenderness ratio for various cirr.es to failure ■&£ 
45C° ana 55 n °F were obtained from Figs. ’5 ana 16 and are shown on 
Figs . 17 and 18 . 

It may be observed that all creep curves in Tigs. 3 through 14 
are referred to the origin, uonsis^ent difficulty was realized in ob- 
taining sensible intercepts during the investigation. In fact, frequently 
at zero time when the column fully supported the applied load, creep of 
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explanation has as yet been found. * ae single probe system which 
was usea for measuring the column deflection, required that the 
column deflect in the direction of the axis of the probe and coincident 
dial gauge plunger. To insure this taking place, rectangu’ar cross 
section columns were used. However, the columns did not consistently 
behave as expected. Iv^any of them deflected at right angles to the 
intended direction as well as in the desired direction. ~ his action took 
place, to varying degrees at 450° and 550°F in all effective slender- 
ness ratios except that of 48.6. It occurred more frequently „t 550" '. 
The columns most affected were those having an effective slenderness 
ratio of 39.9. An interesting observation in connection with this 
double bending was that when its magnitude was greatest, the time to 
failure of the columns so affected was increased over the time t^ 
failure of columns which had the same stress and which bent in the in- 
tenuea direction only. 

Inspection of columns tested, placed suspicion upon the soft iron 
wire used to fix the free end of the probe to the column mid-point, "h 
wire indented the corners of the column cross section slightly. Th,“ re- 
after, the wire was omitted and the probe was supported by a trensite 
3lide placed in th hole in the furnace wall through which the nrobe 
passed. Contact against the specimen mid-point was maintained by the 
addition of a light spring coiled arouna the dial gauge plunger. This 
spring amplified the spring in the mechanism of the dial gage and forced 
the probe to maintain contact with :he surface of the specimen, -he 
additional spring was not strong enough to influence the bending of the 
column because subsequent, tests s . v,ved that the column deflected 
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7 li» I'At tvi coifs j: uoal-.W L-nvui# din vjilio.ru l. uia ad; di,- 
»iv;. . r. . .ircu£h.oui t :e investigation, . o^lu • ns ceflectftu in tbis 

ince thr .ajor 7 arc of th* scatter in ihr exfjfrin.*- r.t.-l 2 
Stained, invoiva coluor.ns which bent coubb- , t" r a - ; a -r 2 eon- 
•itereoi as unr? liable . I hi uata shewn bn Fig*. 0 thr _>• y 10 vi - 
sent those obtained irewt colurons v hich .,ei'l' ct^u in jan ire. 

&iy± those vhicr ••est fit together. ’hi.-, n-:3 Jtru in not using . • . 

3' * ten c olu- . .c which defer.-, ec in tb«- desire^ olor.» . i • vi""i- l 

loss of uala occurred also i.i several cases; losses au: :c rn ac • 

Mt i ,‘f co. • ; in i k eU rsa vwor« in Jf>«r rating ex v«ri r 0 nto 1 acui i-cvt 
ana in r --corning uata . No vie- exne-^i read- lists a •,/ort _1. s 

pi t : as i rice . 

Ko air wet site , t vo3 '-raue j prove reproducibility jf 
• ;o - ev- .■ , a result of the difficulty ex >eri nce: oty Souhb . . i *, , 

•-its v ero to validate t: : trenu of dote as it dccu' al-te 1 . 

liM - ns oic.. .1 for." ed yronerly resente :, a neat irv r, if >x <- ri- 
me it .1 evidence as shown r-y d igs. 6 through l 4 . . wst 3 i*;n r_s .t 

i ’ 'S° figure • is not large in cu^ntifo tut it is a i-e _ aonti flu re->r> ;•• 

tation of uhovt ti 3 * mrr.ti 1 loading cr -1 characteristics »C 1 5 -■ 



c 'ic. ru» . 
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V. ’ ' • ■ Kfc 

"ho results of this inv stigutijn per it t'.? following i- 
c las ions: 

1. 75 - 76 alumina n alloy cola, as have zero time failure 
Strengths , at 5§G°F which increase from 5,5CC psi for an effective 
slenderness ratio of 57.2 to 9.550 nsi for an effective slenuerness 
ratio of 25.5 . A 450°F , 757- .6 columns have zero time to failure 
strengths which increase froir 10,400 psi for an effective sletder- 
ness ratio of 57.2 to 17,600 psi for an affective slenderness ratir 
of 25.5. Zero time to failure strength, is the maximum stress that 
a column will sustain when loaded at a relatively rapid rate. hocu 
or impact loading is not considered. Columns in the range of 

effective slenderness ratios 57.2 to 2 5.5 have approximately 5 A 

0 j 

cent of the maximum strength at 550 F that they have at 450 . . 

2. 7he stress for which. 75i-‘ T ’6 aluminum alloy coluu- ns av- 
ing effective slenderness ratios of 57.2 to 25.5 may be designed 
while still r? • lizing a Useful life in short time applications at 45 ' 
and 550°F is an appreciable percentage of tae maximum stress Ui&X 
these columns will sustain at these temperatures. For example, 

at 55"°F a 755-7 6 column having an effective slenderness ratio of 
59. v will fail in 7 minutes if subjected to an applied stress of 
5,570 nsi. This stress is 65.5 percent of the maxima stress that 
th a column will sustain. Other columns at 550°d in the range of 
effective sienuerness ratios of 25.5 to 57.2 will fail in seven minutes 
under applieo stresses which are higher than 65.5 percent of r ixi- 
mum . .‘-t 4 50°F, 75a- 76 columns in this same range of effective 



i6 

sletu- • r "i<* s s ratios will withstand a.-.pli* stresses, Cr, * seven . dnutes, 
which if' 75 oercent or better of maxiimu. . 

3, Contrary to widespread belief, 75a- i 6 aluminum alloy or ftp 
be useful in short ti>.v,e high, stress, elevated t(’ rr ne rat A re column 
applications in the range of effective slenderness ratios 57,2 u- 
P.5.5. ':n exarr pie of such use is one wherein r. lo. d due to accelera- 

tion is applied for a short time to a column which has b en serving 
in a body under uniform low level stress for a half ho? * at elevat a 
temperatures . 

In the interest of additional experimental investigation of column 
creep, the following recommendations are offered: 

It is suggested that other light metals be tested at el ' voted 
temperatures in order to obtain comparative creep data ar, ong several 
alloys. It is further suggested that the effect of variables on column 
creep be studied in the laboratory, J* actors contributing to tne scatter 
of "levated ten perature column creep tests are varied and n. .? well be 
important, additional testing of columns r.t elevated te pe matures 
would serve to evaluate therr. . It is felt that non- symmetrical deforma- 
tion of column about the plane through its -md-roint and per pend ic J lr r 
It? its axis is a critical item, I'his type of deform at ion occurred during 
the investigation and seemed to foe coincident with preci? it arc failure 
of the colu . n. hether such deformation is due only to inconsisten- 
cies in material and variation of physical dimensions along the length 
of the column, or is due to something else is worthv-vh.il' knowing. In- 
vestigation of the phenomenon of double bending of rectangular columns 
.v.uld be of interest. It io due to factors such as a achining stresses or 
testing technique or does it have to be planned for in design? -mother 



i? 



oint of ossibie interest is the relative importance of the rate ~ 
%'hich a column is heated to its final temperature. L 'till another 
the effect of loading rate on column creep and time to failure. I 
but nevertheless worthy of equal consideration is the question of 
shape factor and its influence on column creep properties. 



is 

^ast , 
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Fig. 1 



Creep Test quipment 
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TOP VIEW 

CREE - TEST FURNACE 



THICK TRANSITE 
SPACERS 



SHELL 



FIG. 2 
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NOT ES 

I. FURNACE TO BE BUILT IN TWO HALVES. USE ^-TRANSITE 
SHEET AT DIVIDING LINE TO CLOSE IN ROCK WOOL FILLER. 

2. STAINLESS STEEL LINER TO BE FITTED WITH OVERSIZE HOLES 
AT FASTENING POINTS TO ALLOW FOR EXPANSION. 

3. MANNER OF SCREWING TRANSITS TOGETHER IS IDENTICAL 
AT TOP AND BOTTOM OF FURNACE. 



FRONT VIEW 
CREEP TEST FURNACE 



FIG. 3 




'ig. 4 lose-up view of interior of oven and reversing 

cag~ . >.pecirren is in position for testing in reversing cage. 




Fig. 5 



Close-up view of exterior of furnace showing dial 



gauge in position for measuring column deflection. 



24 




25 





- S3 H ONO ±WO d O ll M NWROO - 



ao’ d a 



zm- 



t 

::C>: 



' 




34 




1 7 



TAi.Ut, 1 

COLTJMIH' CREEP DATA 



Material: 75S-T6 



Effective Slenderness Ratios 25. 5 
Temperature: 550°F 



Applied Stress: 9200 psi 




Time 


Dial Gage 


Creep 


, (seconds) 


(inches) 


(inches) 


unloaded 


0.2011 




load on 


0.2290 


0.0000 


10 


0. 2850 


0.0560 


13 


0. 3200 


0. 0910 



TABLE II 

COLUMN CREEP DATA 



ateriai: 75S-T6 



-Tfective Slenderness Ratio: 25.5 

Temperatures 550°F 
Applied Stress: 8700 psi 



Time 


Dial Gage 


C reep 


(seconds) 


(inches) 


(inches) 


unloaded 


0. 1965 




load on 


0.2400 


0.0000 


10 


0. 24b 1 


0. 0081 


20 


0.2621 


0. 0221 


30 


0. 2900 


0.0500 


39 


0. 3600 


Go 1200 



iS 



TAlj.L III 



COLO ■'•> T CRE&P DATA 



i 



-ateriai: 75^-16 

Effective Slenderness Ratio: 25. 5 

Temperature: 550°F 

Applied Stress: 7500 psi 



Time 


Dial Cage 


Creep 


(seconds) 


(inches) 


(inches) 


unloaded 


0. 1140 




load on 


0. 1260 


0. 0000 


10 


0 o 1240 


0.0020 


20 


0. 1220 


0. 0040 


30 


0. 1990 


0. 0061 


40 


0. 1172 


0. 0088 


50 


C. 1145 


0.0115 


60 


0. 1129 


0. 0131 


70 


0. 1086 


0.0174 


80 


0. 1045 


0. 0215 


90 


C 0 1005 


0. 0255 


100 


0 o 0960 


0. 0300 


110 


C. 0905 


C. 0355 


120 


0. 0840 


C. 0420 


130 


0.0770 


0.0490 


140 


0. 0670 


0. 0590 


150 


0.0530 


0. 0730 


160 


0.0300 


0.0960 


170 


0. 9700 


0. 1560 



T/ ■ ■ - _ I 



COi-r.iA^ CRC^P DATA 

' aterial: 755- f6 



Elective Slenderness Satio! 25. 5 
Temperature: 550°. 



7 C> 00 psi 



(seconds) 

unloaded 
loaa on 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
no 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
22Q 
230 
240 
250 
260 
270 
200 
290 
300 
31 3 
320 
330 
340 
350 
360 



Dial Gage 
(inches) 

0.0895 
0. 0895 
0.0892 
0. 0892 
0.0892 
0. 0691 
0. 0891 
0.0890 
0. 0889 
0.0388 
0.0887 
0.0883 
0 . 0880 
0.0873 
0. 0377 
0,0876 
0.0875 
C. 037 1 
:.0868 
.0865 
0.0861 
C. 0860 
0. 0858 
J. 0856 
0.0852 
A. 0849 
0.0845 
0. 0841 
C. 0838 
0.0332 
C. 0830 
0.0S24 
0.0820 
v. 0813 
0. O'. 09 
C. 0S04 
C. 0796 
.07 90 



Creep 

(inches) 

0. ooco 

0.0003 
0,0003 
C • 0003 
0.0004 
0.0004 
0.0005 
0. 0006 
0.0007 
C. 0008 
0. DC 12 
0.0015 
C. 00 17 
0.0018 
0.0019 
0,0020 
0.0024 
0. 0027 
0.0030 
0.0034 
0. 0035 
0. 0037 
0.0039 
0.0043 
0.0046 
0. 0050 
0 . 0054 
0.0057 
.0063 
0.0065 
0.0071 
0.C075 
0.6062 
0. 0086 
0.0091 
0.00 
a. eisp 



Time 

(seconds) 

370 

380 

390 

400 

410 

420 

430 

440 

450 

460 

470 

460 

490 

500 

510 

520 

53.) 

340 

550 

560 

570 

5S0 

590 

600 

610 

620 

630 

640 

650 

56u 

670 

630 

690 

7C0 

7C4 



ial Gage 
(inches) 
0.0731 
C. 077 J 
J. 0765 
0.0760 
0.0749 
0. 5739 
0.0729 
0.3719 
0.0709 
0. 0697 
0. O&y 5 
0.0675 
0.0661 
C. 0650 
C. 0638 
0. 0620 
0. Ot jL> 

0. 053 V 
0.0571 
0.0652 
0. 0532 
0. 0513 
J . 049 2 

0. 1459 

0. 0-430 

C. 

5359 

v. 03 1 :> 

'26 • 
0.0199 
0.0122 
0. 0006 
0. 984’ 

0. 94'. 
j . 90ut: 



7 reel 
(inches. 
0.0114 
0.0117 
0 . 0 1 30 

0* C 14.: 
0. .715c 
0. 0 1 O'.; 
0 . 0176 
C. Olio 




0. . 220 
0.0234 
r. 02 if 

0275 

*! 0306 

0, JO * 3 
3. J3 o? 
9. Q3C : 
4 i J 
0. 1430 
0.0405 
j. j4*r 
0. 0536 
' . , 
C. *6i5 

£>. 0773 

•o 089 

no: 

0. 1 

U. 11 - ft 



• ^plied Stress: 
fi.me 



4 



TA3EH; V 

COLUMN CREEP DATA 



Material: 75L-T6 

Effective Slenderness Ratio; 39. 9 
Temperature: 550°F 

Applied Stress: 8000 psi 



Time Dial Gage Creep 

(seconds) (inches) (inches) 

unloaded 0.2681 

load on 0.2700 0.0000 

6 0.1900 0 . 3800 

10 0. 1400 0. 1300 



TA3EE VI 

COLli^V CREEP DATA 
aterial: 75S- Tb 

effective '-Tenderness Ratio: 39.9 

Temperature: 550°J 

Applied stress: 7000 psi 



Time 


Dial Cage 


Creep 


(seconds) 


(inches) 


(inches) 


unloaded 


0.2663 




load on 


0.2980 


C.0000 


10 


0. 3140 


0. 0160 


20 


0. 3250 


0. 0270 


30 


C. 3349 


0.0369 


40 


0, 3471 


C. 0491 


50 


C. 3651 


A 0671 


60 


0. 4000 


. 1020 


65 


0. 4600 


.. 1620 



VII 



CCLUivfW C.- : . ,"ATA 



aterial: 75S-T6 



ffective olenderness 


atio: 39. 9 




temperature: 550° 






Applied Stress: 6000 psi 




Time 


Dial Gage 


Creep 


(seconds) 


(inches) 


(inches] 


unloaded 


0. 1S85 




load on 


0. 2310 


0. 0000 


10 


0.2420 


0.0110 


20 


0.2469 


0. 0159 


30 


0.2506 


0.0196 


40 


0. 2541 


0. 0231 


50 


0. 2573 


0. 0263 


60 


0. 2604 


0.0294 


70 


0. 2635 


0.0325 


80 


0. 2663 


0.0353 


90 


C. 2700 


0.0390 


100 


0.2730 


0. 0420 


no 


0. 2760 


0. 0450 


120 


0. 2798 


0.0488 


130 


0. 2832 


0. 0522 


140 


0. 2870 


0. 0560 


150 


0. 2916 


0. 0606 


160 


0. 2970 


0. 0660 


170 


0. 3026 


0.0716 


180 


0. 3100 


0.0790 


190 


0. 3196 


0.0886 


200 


0. 332U 


0. 1010 


218 


0.4100 


0. 1790 


210 


0. 3550 


0. 1240 



aterial: 



C AIjLE VIII 
C OLD iV CREEP DATA 



: 75S-T6 



effective Slenderness Ratio: 39.9 

Temperature: 550°F 

Applied Stress: 5500 psi 



Time 


Dial Gage 


Creep 


Time 


ial .'a« 


. reep 


(seconds) 


(inches) 


(inches) 


(seconds) 


(inches) 


(inches/ 


unloaded 


0. 1880 




220 


u. 2745 


G. 0445 


load on 


0.2300 


0. 000 J 


230 


0. 2761 


Q. 046 i 


10 


0. 2380 


0. 0030 


240 


0.2781 


0. 04 o 1 


20 


0.2412 


0. 01 12 


250 


0. 2799 


0. 0499 


30 


0.2435 


0. 0135 


260 


0. 2319 


G. 0518 


40 


0.2456 


0.0156 


270 


C. 2837 


L. 0537 


50 


0.2479 


0.0179 


280 


0. 2858 


0 . 0553 


60 


0.2493 


0.0193 


290 


0. 288u 


C. 0 580 


70 


0.2509 


0. 0209 


300 


0.2902 


0. 0602 


80 


0.2525 


0. 0225 


310 


0. 2929 


C. 0629 


90 


0.2541 


0.0241 


320 


0. 2955 


0. 06^5 


100 


0.2558 


0. 0258 


330 


0. 2986 


0. 0086 


no 


0. 2571 


0. 0271 


340 


0. 3015 


0. 0715 


120 


0. 2589 


0.0289 


350 


0. 3055 


0. 0755 


130 


0.2601 


0. 0301 


360 


0. 3100 


0.0800 


140 


0. 2618 


0.0318 


370 


0. 3149 


0.0849 


150 


0. 2632 


0.0332 


380 


0. 3206 


0. 0906 


160 


0. 2649 


0. 0349 


390 


0. 3279 


0. 097® 


170 


0. 2662 


0. 0362 


400 


U. 3370 


0. 1071-' 


180 


0. 2680 


0. 0380 


410 


U. 3506 


0. 1206 


190 


O 2699 


0. 0399 


420 


0. 3750 


o. 1450 


200 


0. 2712 


0. 0412 


427 


-- 


__ 


210 


0.2729 


0. 0429 









IX 



col, u m w c n ee° Wi r a 

viaterial: 75o-T6 



iffective Slenderness Ratio: 46:6 

Temperature: SSC 0 '? 

Applied Stress: 7000 psi 





Time 

(seconds) 


E*ial Cage 
(inches) 


Creep 

(inches) 




unloaded 


0. 2050 




1 


load on 


0.2500 


0. 0000 




10 


0.2880 


0.0380 




18 


0. 3850 


0. 1350 



CCLU 


TABLE X 
CF-EP 


DATA 


aterial: 75S-T6 


Affective Slenderness Ratio: 48.6 




Temperature: 550°f 


Applied Stress: 6000 psi 




T i me 


Dial Cage 


Creep 


(seconds) 


(inches) 


(inches] 


unloaded 


0. 0930 




load on 


C. 1360 


0. 0000 


10 


0. 1282 


0. 0078 


20 


0. 1 198 


0.0162 


30 


0. 1095 


0.0265 


40 


0. 0981 


0. 0379 


50 


0. 0820 


0. 0 540 


60 


0.0585 


0.0775 


69 


0. 9900 


0. 1460 



T A 2s Li, 11 



\ 



C OL UMVCREEP DA TA 

aterial: 756- C6 

ffective Slenderness Hatio: 48.6 

Temperature: 550°F 

Applied Stress: 5000 psi 



Time 


Dial Gage 


Creep 


T ime 


,ial Gage 


Ore. i 


( econd ,) 


(inches) 


(inches) 


(seconds) 


(inches) 


(laches) 


unloaded 


0.0965 




220 


0. 0729 


0. 035-6 


load on 


0. 1085 


0. 0000 


230 


0.0710 


0.0375 


10 


0. 1055 


0. 0030 


240 


0. 0695 


r.Q39o 


20 


0. 1030 


0. 0055 


250 


0.0675 


0. 9410 


30 


0. 1012 


0.0073 


260 


G. 0651 


u. 0434 


40 


0.0999 


0. 0086 


270 


0.0632 


0. 0453 


50 


0.0978 


0. 0107 


230 


0.0610 


0.0475 


60 


0.0960 


0. 0125 


290 


0. 0589 


0. 0496 


70 


0.0946 


0. 0139 


300 


C. 0 563 


0. 522 


80 


0.0931 


0.0154 


310 


G. 0538 


0. .,547 


90 


0.0918 


0.0167 


320 


0.0511 


0.0574 


100 


0.0900 


0. 0135 


330 


0. 04C2 


0. 0603 


110 


0. 0889 


0.0196 


340 


0. 0445 


0. 0640 


12C 


0.0873 


0. 02 12 


350 


0. 0468 


C. 0677 


130 


0.0860 


0.0225 


360 


0. 0359 


0. 0726 


140 


0.0843 


0. 0242 


370 


C.0310 


0. 0775 


150 


0. 0830 


0.0255 


380 


0. 0240 


0.0845 


160 


0.0818 


0.0267 


390 


0.0155 


0. 0930 


170 


0. 0802 


0. 0283 


400 


0. 0020 


0. 1065 


180 


0. 0791 


0. 0294 


4i0 


0.9750 


0. 1335 


190 


0.0775 


0. 0310 


420 


0. 9300 


G. !7u5 


200 


G. 0760 


0.0325 








210 


0.0741 


0.0344 









All 



COL J • m CREEP DA TA 



materials 75S-T6 



Effective vlenderness Ratio: 57.2 

Temperature: 550°F 



Applied Stress: 5250 psi 



Time 

(seconds) 

unloaded 
load on 
10 
16 



Dial Gage 
(inches) 

0. 5146 
0. 5360 
0. 5650 
0.6200 



Creep 

(inches) 



0. 0000 
0. 0290 
0. 0S4Q 



TABLE Alii 
COLUMN CREEP DATA 
material: 75S-T6 



Effective Slenderness Ratio: 57.2 

Temperature: 550°F 

Applied Stress: 5000 psi 



Time 

(seconds) 

unloaded 
load on 
10 
20 
30 
40 
50 
60 
70 



Dial Gage 
(inches) 

0.6240 
0. 6320 
0.6420 
0.6520 
0. 6600 
0. 6700 
0. 6310 
0. 7015 
0. 8700 



Creep 

(inches) 



0. 0000 
0. 0100 
0.0200 
0.02S0 
0. 0380 
0. 0490 
0. 0695 
0. L 385 



TAl*LG ,<IV 



C01*U .IN CREEP 'DATA 



.aterial: 755-T6 



Effective Slenderness Ratio: 57.2 

Temperature: 550°F 

Applied Stress: 4750 psi 



Time 


Dial Gage 


Creep 


Time 


Dial Gage 


Creep 


(seconds) 


(inches) 


(inches) 


(seconds) 


(inches) 


(inches) 


unloaded 


C. 5021 




220 


0. 5530 


0. 0321 


load on 


0. 5209 


0.0000 


230 


0. 5541 


0. 0332 


10 


0. 5260 


0. 0051 


240 


0. 5555 


0.0346 


20 


0. 5287 


0. 0078 


250 


0. 5563 


0.0359 


30 


0. 5292 


0.0083 


260 


0. 5583 


0. 0374 


40 


0. 5308 


0.0099 


270 


0. 5598 


0, 3389 


50 


0. 5321 


0. 01 12 


280 


0. 56 li 


0. u402 


60 


0. 5336 


0.0127 


290 


0. 5628 


0. 0419 


70 


0. 5349 


0.0140 


300 


0. 5645 


0.0436 


80 


0. 5361 


0. 0152 


310 


0. 5663 


0. 454 


90 


0. 5375 


0. 0166 


320 


0. 5682 


0. 0473 


100 


0. 5333 


0.0179 


330 


0. 5704 


0.0495 


110 


0. 5400 


G. 0191 


340 


0. 5730 


0.0521 


120 


0. 5411 


0. 0202 


350 


0. 5755 


0. ->546 


130 


0. 5421 


0. 0212 


360 


0. 5785 


d. :>576 


140 


0. 5433 


0. 0224 


370 


0. 5S18 


3. J6U9 


150 


0. 5444 


0. 0235 


380 


0. 5C53 


0. 0644 


160 


0. 5457 


0.0248 


390 


0. 5902 


0.0693 


170 


0. 5469 


C. 0260 


400 


C. 5961 


0.0752 


180 


0. 5481 


0.0272 


410 


0. 6050 


<•. 0841 


190 


0. 5492 


0. 0283 


420 


d .6210 


0 . loot 


200 


0. 5502 


0.0293 


430 


0. 685i 


0. *54'. 


210 


0. 5518 


0.0309 









TABIX XV 

COLUMN CREEP DATA 

ate rial: 75S-T6 



Effective Slenderness Ratio: 57.2 

Temperature: 550°F 

Applied Stress: 3000 psi 



Time 


Dial oage 


Creep 


(seconds) 


(inches) 


(inches) 


unloaded 


0.0040 




load on 


0. 0010 




1 0 


0. 0010 


O.OuGd 


20 


0. 0010 


0. 0000 


30 


0.0010 


0.0000 


40 


C.0010 


0.0000 


50 


0. 0010 


0.0000 


60 


0.0010 


0. 0000 


70 


0.0010 


0. 0000 


80 


0.0010 


0.0000 


90 


0.0015 


0.0005 


100 


0. 0016 


0. 0006 


liO 


0.0016 


0. 0006 


120 


0. 0017 


0.0007 


130 


0.0017 


0.0007 


140 


0. 0018 


0. 0008 


150 


0.0018 


0.0008 


160 


0. 0018 


0.0003 


170 


0.0018 


0. 0008 


180 


0. 0013 


0.0003 


190 


0.0018 


0. 0008 


200 


0. 0018 


0. 0003 


210* 


0. 0018 


0. 0003 



* Test stopped at this point because of small creep rate, 






I 

1 CPC. i TJ 



ateriai: 75d-T6 



-ffective i>i3"derneas . atio: 25. 5 

’'e.nperature: 450°” 

Applied Stress: 17,300 psi 



rin-e 


IHai Gage 


Cree . 


(second^'/ 


(inches) 


(inches 


unloaded 


0. 1122 




load on 


C. 1400 


0. tf'U'j 


s 


•1.0700 


0.0700 



C 0 


XL , Li. A’vII 
■lJJ *v ci le- a* 


,TA 


aterial: 75-76 


h active ' lenderner.s 


.•alio: 25.5 




i e.T:perature: ^50 






iCpplied Stress: ic, 


GCG psi 




Time 


dal -aje 


■ - ...e;. 


(seconds) 


(i-ches) 


(inch#® 


unloaded 


o. icap 




load on 


* 260 


G. jO'JO 


10 


... 1245 


b. UC i r . 


20 


0. 1195 


0. jCG fc 


30 


:. 1 0 “ o 


C . 0180 


39 


0. 0400 


C. P t6 



4 



TAriLE X ir III 

C jlDm’S? CM .=.» p 



.-.atsrial: 753-1'© 



effective Slenderness Aatio: 25.5 

Temperature: 450°?' 



* oplied stress: 15, 


000 psi 


Vi ne 


'Hal Gage 


(seconds) 


(inches) 


unloaded 


0. 1081 


load on 


0. 1220 


10 


0. 1200 


Zj 


0. 1190 


30 


0, 1180 


40 


0. 1170 


50 


0. 1155 


60 


0. 1140 


70 


0. 1127 


80 


0. H05 


90 


0. 1095 


100 


0. 1065 


110 


0. x03Q 


120 


0. 1000 


130 


0.0950 


140 


0.0880 


150 


0. 0800 


160 


0.0600 


165 


0. 0200 



C reet.! 
(inches) 



0 . 000 .. 
0. 0020 
0. 003. 
0. 0040 
0.0050 
0.0065 
0.0080 
0. 0093 
0.0ii5 
0.0125 
0 . 0155 
0. 0190 
C. 0220 
0.0270 
0.0340 
0. 0420 
0. 0620 
0. 1020 



TAlvLL .<IA 



CCLU s,iv CREEP DATA 



aterial: 75S-T6 



Effective 


Slenderness Ratio: 


25. 5 






Temperature: 450° 


jr 








Applied Stress: 14, 


500 psi 








T ime 


Dial Gage 


Creep 


Time 


Dial Cage 


Creep 


(seconds) 


(inches) 


(inches) 


(seconds) 


(Inches) 


(inches) 


unloaded 


0. 1020 




240 


0. 1193 


0. 0042 


load on 


0. 1235 


C. 0000 


250 


0. 1192 


0.0043 


TO 


0. 1235 


0, 0000 


260 


0. 1139 


0. 0046 


20 


0. 1235 


C.0000 


270 


C. 1132 


0.0053 


3G 


0. 1235 


0.0000 


280 


0. 1175 


0,0060 


40 


0. 1230 


0. 0005 


290 


0. 1 172 


0063 


50 


0. 1229 


0.0006 


300 


0. i 1 66 


0.0069 


60 


0. 1229 


0. 0006 


310 


0. 1 162 


0. 3073 


70 


0. 1229 


0. 0006 


320 


0. 1.52 


C, 0033 


8C 


0. 1226 


0. 0009 


330 


0. 1147 


0. 0088 


90 


0. 1224 


0. 0011 


340 


0. 1138 


3 . 0097 


100 


0. 1221 


0.0014 


350 


0. 1 13C 


0 . f 1 0 5 


no 


0. 1 220 


0. 0015 


3ou 


0. 1116 


0. 0117 


1 20 


0. 1220 


0. 0015 


370 


0. 1 iOo 


0. 0129 


130 


0. 1219 


0.0016 


380 


0. 1010 


0. 3145 


140 


0. 1219 


0.0016 


390 


0. 1075 


0. 0160 


150 


0. 1215 


0.0020 


400 


0. 1060 


0. n 175 


160 


0. 1215 


0. 0020 


410 


0. 1040 


0. 0195 


170 


0. 1212 


0.0023 


420 


0. 1015 


0. 0220 


ISO 


0. 1211 


0.0024 


43C 


0. 098 * 


J. 0250 


190 


0. 12u9 


0.0026 


440 


0. 0946 


0. 0289 


200 


0. 1203 


0. 0032 


450 


0. 0893 


0. 0342 


210 


0. 1201 


0. 0034 


460 


0.0821 


0.0414 


220 


0, 1195 


0.0040 


470 


0. 0690 


0. 0545 


230 


0.1194 


0.0041 


480 


0. 0000 


0. 123 j 



ol 



- sieriAl; 75 S - £6 

'"ffective Slenderness \atio: 25.5 

*' • ;-?rature: 4 50°!]? 



. |i plied. Stress: 14,000 psi 



T’irr e 


Dial Gage 


C reefs 


i'irp< 


Oiul Gage 




(seconds) 


(inches) 


(inches)' 


(seconds) 


(inches) 


v inches] 


unloa.de a 


0.1135 




340 


0.4305 


. 15 


load on 


0.1290 


O'-.PGOf 


350 


0.11 06 


■ . 16 


10 


0.1290 


a.occi- 


360 


C.1305 


r ■ " 


?0 


0.1290 


D.pfh) 


37C 


■'.13' 8 


. PC 16 


30 


9.1290 


^ nr Cf 


380 


c ,i/- r 


. 0 " 2 - 


40 


0.1290 


O.COn« 


390 


§ . 1 3 1 ' 


.•■020 


50 


C . 1291 


0 . C 0 0 1 


400 


•' . J 3 1 r 


l .QOin 


60 


0.1292 


0.00 '2 


410 


0 . 1 3 1 : 


'' . 


7 C 


0.1296 


0."006 


420 


0 . A 3 1 2. 


C.o*>22 


30 


0.1296 


0..OC06 


480 


c .no: 


, . J " 30 


90 


0.1297 


0.^007 


* 54' 


0.1341 


•. •- 5? 


iao 


0.1298 


‘.0008 


600 


'• . 1 3SC 


I; .dios 1 


110 


C .1299 


0 .0009 


6ir 


.139 


-39 


120 


" .1299 


0.0009 


620 


0. 1-30 v 


: < v 


130 


. . 1299 


0.0 1 09 


630 




fi .*12 ' 


140 


C.1299 


•' . >0 09 


640 


V.14*C 


' . " 1- . 


1 50 


" . 1299 


0. 009 


650 


7.1441 


y .fi I 51 


I6f 


: . 1299 


c. 0 09 


66C 


it . 1 *;*4- 


. >170 


170 


' .1299 


C . . . • v 


670 


• . 1 : \ 


. Id 


130 


'.1299 


0 .0909 


680 


n . 1 50 Z 


.Cii5 


iOO 


" . 1 3» ■ 


C.Cv 10 


69C 


S . 1 336 


0 . >246 


tOO 


>. . 1 3C C 


r.i’O id 


TOC- 


0.1575 


* . 2,-3 5 


: } ic 


* . 13' ( 


: .0010 


71 ' 


’ . 16 30 


. 3 50 


220 


p . i 300 


O.oUiO 


720 


. 1 7' c 


f. . "'4 i 


230 


< .1301' 


".GO 10 


73 r 


. 1 36 


■■ ."510 


840 


0.1301 


0 . r o 1 1 


740 


6.21 O' 


.0 -10 


?.5o 


.1301 


C . Cl c 1 1 


744 


0 .2500 


0 . \ * 1 ■’ 


26" 




OoCCll 








2 7 r 


0.13C1 


O.uoll 








2S0 


Q.13C1 


C.0011 










0 .1302 


C ,00 12 








3°( 


C .1302 


C ,0012 








3ic 


.13x2 


.0012 








33C 


0.1303 


.0-0 13 








33. 


.1304 


■>.0 ' i4 









* fadings 1 . in. •* x. ! .3 to slov, ;v » r . 



a 



c . j .umm cf£?. c » : 



a Serial: 75S- ;6 



- ffective Slenderness S atio: 43. 6 

Temperature: 450°7 

implied Stress: 15, 000 psi 



Time 

(seconds) 

unloaded 
load on 
4 



r >ial Cage 
(inches) 

G. 1551 
0. 1000 



Creep 

(inches) 



TATLL ; , All 
OTTLU.yG'T C'-RLC^ ->ATi\ 



..riterial: 75tj-T6 

flsciive Slenderness ‘atic: 48.6 

r emperatureS 450°T 
Applied Stress: 14, 000 psi 



Time 

(seconds) 

unloaded 
load on 
10 
20 
25 



tJial Gage 
(inches) 

0. 1550 
0. 1963 
0. 1922 
0. 1730 
0. 1300 



Creep 

(inches) 



0. 0000 
0.0046 
0. 0238 
0. 0663 



T ALiiaZ XXIII 



COiXJs^JV CREEP DATA 



v aterial: 75S-T6 



Effective Slenderness Ratio: 48. 6 



Temperature: 450°F 

Applied stress: 13,0' 



Time 

(seconds) 

unloaded 
■ load on 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
186 



psi 



Dial Gage 


Green 


(inches) 


(inches) 


0. 1920 


0.2240 


0.0000 


0. 2229 


0.0011 


0. 2221 


0.0019 


0.2219 


0.0021 


0.2212 


C . 0028 


0.2205 


0.0035 


0.2199 


0.0041 


0.2191 


0.0049 


0. 2183 


0. 0057 


0. 2175 


0. 0065 


0.2162 


0.0078 


0.2150 


C. 0090 


0. 2132 


0.01-13 


0.2111 


0.0129 


0. 2039 


C.0151 


0. 2051 


0. 0139 


0. 2001 


0.0239 


0. 1925 


0.0315 


0. 1750 


0.0490 


0. 1400 


it. 0840 



c »4 



TAiiLi. ,<XIV 



CGLUMV CREEP DATA 



Material: 755 -T6 



Effective Slenderness Ratio: 48.6 

Temperature: 450°F 



Applied Stress: 12, 


500 psi 








Time 


Dial Gage 


Creep 


Time 


Dial Gage 


Creep 


(seconds) 


(inches) 


(inches 


(seconds) 


(inches) 


(inches) 


unloaded 


0. 1088 




420 


0. 1271 


0.0119 


load on 


0. 1390 


0. 0000 


430 


0. 1268 


0.0122 


10 


0. 1382 


0.0008 


440 


0. 1260 


0.0130 


20 


0. 1380 


0. 0010 


450 


0. 1255 


0.0135 


30 


0. 1378 


0. 0012 


460 


0. 1249 


0. 0141 


40 


0. 1375 


0.0015 


470 


0. 1247 


0.0143 


50 


0. 1372 


0. 0018 


480 


0. 1237 


0.0153 


60 


0. 1371 


0.0019 


490 


0. 1229 


0. 0161 


70 


0. 1369 


0. 0021 


500 


0. 1221 


0. 0169 


80 


0, 1368 


0.0022 


510 


C. 1212 


0. 0178 


90 


0. 1366 


0.0024 


520 


0. 1205 


0. 0 185 


100 


0. 1362 


0.0028 


530 


0. 1198 


0.0192 


110 


0. 1361 


0.0029 


540 


0. i i 36 


0. 0204 


120 


0. 1360 


0.0030 


550 


0. 1175 


0.0215 


130 


0. 1359 


0.0031 


560 


0. 1163 


0. 0227 


140 


0. 1355 


0.0035 


570 


0. 1150 


0.0240 


150 


0. 1353 


0.0037 


580 


0. ii33 


0. 0252 


160 


0. 1351 


0.0039 


590 


0. 1121 


C. 0269 


170 


0. 1350 


0.0040 


600 


0 . 1 iQ8 


0.0282 


180 


0. 1349 


0.0041 


610 


0 . 1086 


0. 0304 


190 


C. 1345 


0. 0045 


620 


0. 1061 


0. 0329 


200 


0. 1342 


0.0048 


630 


0. 1035 


0.0355 


210 


0. 1340 


0. 0050 


640 


0. 1000 


0.0390 


220 


0. 1339 


0.0051 


650 


0. 0950 


C. 0440 


230 


0. 1337 


0. 0053 


660 


0. 0875 


0. 05i5 


240 


0. 1332 


0. 0058 


670 


0. 0730 


0. 0660 


250 


0. 1330 


0. 0060 


676 


0. 0400 


0. 099 0 


260 


0. 1328 


0.0062 








270 


0. 1325 


0. 0065 








280 


0, 1321 


0. 0069 








290 


0. 1319 


0. 0071 








300 


0. 1317 


0.0073 








310 


0. 1312 


0.0078 








320 


0. 1310 


0.0080 








330 


0. 1308 


0.C082 








340 


0. 1304 


0.0086 








350 


0. 1301 


0 . 0089 








360 


0. 1299 


0.0091 








370 


0. 1294 


0.0096 








380 


0. 1289 


0. 0101 








390 


0. 1285 


0. 0105 








400 


0. 1230 


0. 01 10 








410 


0. 1275 


0. 0115 









?AttL£ .'_XV 
C 'LU/XV CGJtLK OAT 
ate rial: 75S-T6 

effective Slenderness Katie: 57. 2 

Temperature: 450°T 

Applied Stress: 10,200 psi 



Ti ne 


Cial Gage 


(seconds) 


(inches) 


unloaded 


0. 1192 


load on 


0. 1250 


10 


0. 0760 


i2 


0.0500 





TABIi.C XXVI 
.UMV CUBE? D 


aterial: 75S-T6 


.ffective Slenderness R 


atio: 57.2 


'emperature: 450°F 


Implied Stress: 9000 psi 


Time 


>ial Jage 


(seconds) 


(inches) 


unloaded 


0. 2000 


load on 


0.2160 


10 


0. 2040 


20 


0. 1935 


30 


0. 1930 


40 


C. 1890 


50 


0. 1845 


60 


0. 1300 


70 


0. 1751 


80 


0. 1706 


90 


0. 1651 


too 


0. 1583 


110 


.0, ;4G0 


120 


0. 1270 


124 


0.0700 



Creep 

(inches) 



0. 0000 
0. 0550 
0.0750 



Creep 

(inches) 

0.0000 
0. 0120 
0. 0175 
0.0233 
0. 0 27C 
C. 0315 
0. 031 ' 

0. u 409 
0. 0454 
3.0509 
0. 0577 
0.0680 
0.0390 
0. 1460 



56 



TAB|*e XXVII 
COLUMN Cx r ;Ei° OAT A 



material: 756 -26 

Effective Slenderness Ratio: 57.2 

Te nperature: 450°F 

Applied Stress: 8000 psi 



Time 


Dial Gage 


Creep 


Time 


Dial Cage 


Crelv-’J 


(seconds) 


(inches) 


(inches) 


(seconds) 


(inches) 


(inches; 


unloaded 


0. 1849 




160 


U. 1023 


:j ^.-.7 


load on 


0. 1910 


0.0000 


170 


0. 1505 


0. >405 


10 


0. 1830 


0.0080 


180 


0. 1485 


0. 042 5 


20 


0. 1788 


0.0122 


190 


0. 1465 




30 


0. i755 


0. 0155 


200 


0. 1445 


0. 0465 


40 


0. 1731 


0.0179 


210 


0. 1420 


0. 0490 


50 


0. 1715 


0.0195 


220 


0. 1400 


0. 0510 


60 


0. 1693 


0. 0217 


230 


0. 1330 


0. 0530 


70 


0. 1674 


0.0236 


240 


0. 1349 


0.0561 


80 


0. 1656 


0.0254 


250 


6. 1315 


■j. 0595 


90 


0. 1640 


0.0270 


260 


0. 1275 


0. 0635 


100 


0. 1624 


0.C236 


270 


0. 1235 


fl. 0675 


1x0 


0. 1610 


0. 0300 


280 


0. 1190 


0.0720 


120 


0. 1592 


C. 03 18 


290 


0. 1110 


0. 0100 


130 


0. 1575 


0.0335 


300 


0. 0995 


0.0915 


140 


0. 1560 


0. 0350 


309 


0. 0500 


0. 1410 


150 


0. 1545 


0.0365 









Date Due 



<f> 



5 0 5 7 




Colu m n are ep_ofL 758-^6^ 

aluminum alloys. 



date issued to 





C-aibler 



17323 



Column creeu of 75 S-T 6 
aluminum alloys. 



